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(54) EXCHANGE COUPLED DEVICE, SPIN-VALVE-TYPE THIN-FILM MAGNETIC ELEMENT, AND 
MAGNETIC HEAD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an exchange coupled 
device that has a high unidirectional anisotropy constant Jk, and 
can maintain various characteristics, even if the thickness of a 
film is reduced. 

SOLUTION: The exchange coupled device 1 is adopted. In the ^ 
exchange junction device 1, a foundation layer 3, an 
antiferromagnetism layer 4, and a ferromagnetic layer 5 are 
successively laminated on a substrate 2; and the foundation 
layer 3 comprises the lamination film of first and second 
foundation films 3a and 3b. one of the foundation films 3a and 
3b being a Cu film, and the other being an Ni-Fe or a Co-Fe 
alloy film. Since the foundation layer 3 is in the lamination 
structure of the Ni-Fe or Co-Fe alloy film, the thickness of the 
foundation films 3a and 3b can be thinned as compared with a 
single foundation layer; crystal grain growth in the foundation 
layer 3 is inhibited for flattening the foundation layer 3 and the 
interface of the antiferromagnetism layer 4; the interface 
between the antiferromagnetism layer 4 and a ferromagnetic 
body layer 5 is also planarized; and a contact probability via the 
surface (111) between the antiferromagnetism layer 4 and 
ferromagnetic body layer 5 is increased, thus improving the 
exchange coupled magnetic field and the unidirectional 
anisotropy constant. 
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lil3fiB^10 7*^P>a*2=l:Sl>)ffiU 

^10 8{c^tH-5o ^(^^. S#:2€:^Lfct«t^T' 

(A 9. 2) Wd, 40 
1 ) {C/^S Sr-SiKMS© A r ;<f ;^ SrM 5 10 8 

(A 9. 3) :fjy—hlZBi^(Om:himQl^XT a^- 
y-y h<7^:^y<^y'f'V'^i^^n^\ ^fsm^ims (Ni- 

Fe-^^) ±izm^2nm<7>gmm (Tail) 6$rJf^ 
[0 0 4 3] (AlO) Mcmz^ ^^6<Dm^i:f^X. 

fca«:2Sr. ig5fi)Mio8. mfmmios. m2 

n— K^10 2. IBl n— Klgl 0 l<?D|i|M{c:«®i$i3r-5 
:it{Cj;(7, igEAl-ABt^XS^STMitUfc^ 50 
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[00441 JiiECOSit^fe-Ctt, »2Ti^fifll3 bSU^ 
mm&m 5 SrN i -F e-g^-Ci^bfc^«J{COV>-C 
L?tj)^ m 2 Ti«3 b 5 cov ^T 

ix;0^:&S:Co-Fe-&^tU fl&*-2:N i -F e 
lg|i:L-Cta</>o M2TflSK3bS.t/«!S«Kf4fls« 
5(^i^;^$rCo-Fe-^^iLTfcSv\ ^O*^. 
M3. ^4^gflgSl 0 7[^iCN i-F e-i-^^— h 
t C o-F e -^^iSr-y 5/ h Sr^L, iiao^Wo— 
^B^Sr^i-miivv Mfr, MlTifiligS a SrN i-F 
e-g-^^fcfiCo-F e-^^tU IS2T^3 b 

1 0 0 4 5 1 izfsco^aiMs^*^ 1 }c*jv ^Tfi, nm 

^rt;S^at±«i4% (1 1 1) Biai^n^-BrSIB^fciM 
ixTv>«.(D-C. CuBI^#trT*yi3±(cS^®t4ft)l 

4^mm-r^:Lti,z}:<o^fm±im4i^ (m) ® 

ElSlU ^n(cJ:!?S!t«ttWi4i:@*^#;li5 i: 

[0 04 61 CuJK;45^^ft:ji4^ (.11 

1) ®lErR]^-ti-5t&^5C®n5<7>T% CuJUzJJl. 5n 

iii!^T-efcort>S3tBa4««4% (i ii) ®ia^$ 

[0 04 71 Sfc, TlfiS3j3SCuMi:Ni-Fe-&^ 

±t^ 3 a . 3 b (7)^j5S¥JifiBS«OTif!Ui =fc 9 ^^{^^ 
<''^^o tSoT. »1, «2T±tfi^3a, 3b<^Rgm^ 

SC. MfeK<^>*&;^S*s«#J*ix5a ro3^Srlgl3{c^ 

-To 

[0 04 81 lll3tC{i3a^M$^*?10»T®^S311Sr^ 
bTV^^>o ia3{r;^J;5lw. mi. m2Tifeli[3a, 
3 b (DB^^(r>^-^r^mfl SixfcMm, TJffiS 3 
mAWmzfj:^XTi^3<D (111) ffi^S5t^«: 
e4ro (1 1 1) ®i:<o^fiiSS^;iSS!<?i5o tfc. ^ 

m^fm 5 (1. s3s®<4«i:s 4 1 mmiznm 3 jhtc^c 

&ifs.m±^m 4 i: t wc^i <o . ssm&wm 4 
&tm<Kfti*®5m<D (1 1 1) mi:^Lx<Dmmm 

[0 0 4 91 i^. iii4{ai. rmM^mmmmti^tz^ 

{c, 134 ic::T^m^S'^^-c'{±, Tim^m<Mfi^-r 
?>tcmzrim'i^tin^^mL(mfm^^im^tix. 
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5, ciixtcitj, s3fmmmRxmm&^mm<o (i 

1 1) m^i}i-LX(7ymmmt)m<fj:'ox. nm-mmo 

[0 0 5 01 (m2<r)mmm) usia*. -^w^n^ 
2 toiessji^jii-efos;^ w^s^sfet*-?- 1 0 ^ 

^^^1 1 ±ic:j]^^iS;$tL/c#^^ii5»«ft:jl 1 6 

[005 1] 32^^*^-? 1 1 II. ^ioll;teJ^#,fcT 
fftl^LfcJS^S^-f-l i:l^^t<D-efot), 2 
±ic^l@$ixfcT±tWi 1 3 Tflfelil 3±{cfl^^Six 
fcS:3tS£ttf*:Ji 1 4 t , S3t^^^*g 1 4±{cfl^^^tL 
fcfSi^^g 1 5 h1i^t=,mSL^ivX\<^Z>, *fcT±®l 1 
3fi, S«:i 2(iS!«n-5^1Tdtt!gl 3 a i:, 
tt«il4{C^1-5|g2TJ«mi Sbird-Pj/i^aii 20 
^fT'fcSo ±l5035m.^^^^l 1, Sft:i 2. 
1 3 (^1 TifiMl 3 a, m2TiS^l 3 b) . S5t^ 

ttwi 1 Ammsmfm i s sii <oiii®^jiiiciT 

tSJBJL.fc^m'^^-T-l. »f!^2. Tife^S (»lTlft 
MS a. «2TJteSS3b) . 4 RtJ^g^ 

[00521 3S»I4#:^ 1 5(i. ^{^3*$ 2 nm«Co 
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~Fe. Ni~Fe$>5VHiCo. *;tll^tLP)(7>fll4r^ti-^tb 
i?:^Ru&:^hbT2oco^j^f!|!:^Sr*f|S]$-^, js^^ 

3JS^js:Sl 6{*^J;trtlKl?z5S2~2. 5nm<DCu*»e> 

''j^'5®T'fci9. ?S^#:lil 5, 1 7cDPBl{r{4gL-riW 
3S^ttJl 15. 17 <7)afL*|S]{c-K# U/c®-?«;^ 
ft1?e«Sr^D$i^'5 iridic, 34^e>oSl5. 16 
<OiK^6<J'Sife^S:l5mi:-f--5o S fc5ll®l4f*:g 1 7 «:«a|;t 
fi^li:*5l~5 nmfiON i-F e-^:&Sfc(iC o_F e-g- 

#^5Ktti«a!ttl#;gl 6{r|p!^LTv^5. iSEroSSeflSg 

Ml 7i:Taf*^tcDj^®Ki^:^Sr!^5»^li, Wl^JC 
[0 0 5 31 ^fC. llI2!i^5rrRi(;^e^ffl^^Jt^tV 

^tfi^^vu-T^^^efei^^^i ocr.^5t:^i±. SBt^ 

fc3!3fe^^^l(0®at*i5fei:{5{?PU:-efe5. ^2{c: 
a. ±IEcDXt°Vy^/i/7^^8£SCffi«3(f^l OSrSStt-S 

[00 54] 
[1^2] 



C9) 



15 



2 0 0 2- 
16 



17 10 12 









200 mm 
Ar 

l(ppb)J^^T 

10'^~10'" Torr 


Bl^MlOS 


Cu 

1 mTorr(0.13Pa) 
0. 1 nm/sec. 




MnfrBI 

Mnlr'8^:& 

20 mTorr(2. 66Pa) 
0. 005 nm/sec. 


m2Tit&l^l3b, ^^K14^♦:®15. ] 


CoFeJK 
CoFe^^fc 

1 mTorr(0. 13Pa) 

0, 1 nm/sec. 
0SrttC2. 4kA/m(7)^j^^PnJPLoo;S;m 


^mmi8 


RF;^^^.y^— 

TaM 

Ta 

1 mTorr(0. 13Pa) 
0. 1 nm/sec. 



[0 0 5 51 WTiC. A^<D7.\i"^^<;l^^m%mnm 

(B 1) *B(-TaS^fc(lTa-N i-F e^-^:^;5S 30 
Sm UfcS^ 1 2 Srlll 2 {Cl^figa^acoll l n - 
1 0 IJC^A*. n— KSi 0 2^ST«uft!Ml 
0 Sfc^id^-tt-So 

(B 2) 2iilC^lT±til^l 3 a t LTCumS: 

ff^i^l-^o ^o^fifi, (AS. 1) 

~ (A5. 3) tmmm-Q-h^. 

[00561 (B3) tSfcfd. S^l 2ro^*;te-rmi 
T«feKl3ai:{i. «2T±SMl SbtLTCo-Fe 

(Inm) S:?gfiSrf-5o -tO^RW:, $fe!r|ft?gL 
fc^lR (A 6. 1) ~ (A6. 3) tm^mX'^^. 40 

(B4) WC, ||2TiaiKl 3b_h;c. S33H^«ll 
4t LTMn-I r-g^ (6. 8 nm) ^mf&T^o 

^(Dmm-i. m^mmi^rcmM (a 7. d ~ (a?. 
3) tmtm^X'$>?>o 

[00571 (B 5) <S>:{C. ^m±Wm 1 4±1C, 3S 
SirLTCo-Fe-g^ (2nm) «rJ^J* 
■tSo ^:<0l^O^IItt, ll2fi§:Sf^l 0 6*^t,^4J5S:^ 
^1 0 7^m$^l 2Sr#ib^it^ri:t«1-{i±IE (B 
3) tISMtJifTPo 

(3 6) ^amWilS (Co-Fe-^^ ± 50 



^##j4S^miil 6iL--CCuJK (2. 5nm) 
SrffMt-^o ^•c^Si*^^*!}*, m4fiia^l0 775^e>» 
IHfeSISl 0 5'>«^1 2§:ig«&$-ar-5::i:JiW4±IE 
(B2) i:l^^l:i=fT5. 

(005 81 (B 7) ^iz^ ^^m±^mm.f^mcc um 

1 6±{C. SiJ©?t^^ii 17i:LXCo-F e-^^ 
(2nm) ^mflSrr^o 't<D^^{X mi^j^i 
0 5/5-1^114 HfeS^l 0 l^mW^l 2Sri^»$-a:Sci: 

ti^«±±iE (B3) tmmi^n^o 

(3 8) ^Jclc, 5ia^i*gi 7±{C, i*aBSi8i:br 
TaS (2nm) >Sr?f?Rgrt-5„ ^rCO#JllSll, ^felcUiPJL 

(A9. 1) ~ (A9. 3) tm^mmx'h?), 

[00591 (B9) ■SOTl 8(^J**r^^ 

2S:, %5f$J^l 0 8 75^^,^! c— KMl 0 

l*T'#ib$-a:5ri:Jrj;'5. JifSB 1~B 8i^XS^ 
f^xmm Ufc^ tf WT^a^ffifit*^ 1 0 SrSl 9 tb 
■To 

^=-Sr^ 8 i: :z(Dtm 8 <7)^ t'>'/</u:7MlK^S 
feSil^rofll^fi. S^TaJS (5nm) /^lTlfi^(C 
u(lnm))/m2T±lMiCCo-Fe-g-&Cl nm:))/S^ 

m^i^m (Ma- 1 (6. 8nm) mm.fm(c 

o-Fe-g^C2nin))/^^^14iai^ll#:®CCuC2. 5 
nm)V^^f*;eCC o-F e-^C2 nm))/(*g|JlCT 
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a) t Aiio 

[0 0 6 01 3E(c, nmis^mm-^miTimi 
/wTMis^ig^t^T-^iiat Lfco ^^htitdm^ 1 ~ 8 CO 

iO^P^izmo. 7kOe (SekA/m) ©i^^Pp 
[006 1] ^tuibcT?;^ t*>'^-</V':7'MSi^®feT^{co 10 

y hmx K) . msm/mm i a t^mtwrn i s iriora 
^^xitmmmskfiiy (vsm) -rmhtitimtib 

h— ^^Sr^f>')i(7>^^b:^^i:i£*■rS]!v:E^ttoL 

}::«^T^rro ^7 i>-^*s#ffi-r5^=£:o. mm 

[0062] 

[«3] 30 
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O X OO 



O Q 



»- «— CM <N 



5t 4fl <o 4n 

©(una* 

U. U. U- LL 
1 J_ » ' 

z z z z 



a o 



OO 



40 [0 0 6 3] ±.t^(DW^lS(D]:m.mt\^X. 
-fmrn^mim'^^l O irllli:«^-e*>5tt:tS!0iJ(O;^i::'>^ 

^ 9-220;^ W^/Uy^^^lTL^^tC. 280 

Mif\^tmifm::.^\^\:^mo , 7kOe (5 6k A/ 
50 i/^T. ^ffi|^S^BttP$-«t/c?;5S^b^S*^3^^^:SrSySt•5:li:^c 
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I^JC bTig^M^«#Hex2r*Je), Hi-— ir(6]S:^t£ [00651 





Tife 


m 
















(Od) 


(kA/m) 


(erg/cm^ 


9 




5 


8fO 


64.46 


0.22 


o 


10 




3 


770 


61.27 


0.21 


o 


11 




2 


790 


62.e7 


0.22 


o 


12 


N»-Fe^^ 


1.5 


530 


42.18 


0.1 s 


A 


13 




1 








X 


14 




0.5 








X 


15 


Co-Fe^^ 


5 


770 


61.27 


0.21 


o 


16 


Co-Fe^^ 


3 


710 


56.5 


0.2 


O 


17 


Co-Fe^^ 


2 








X 


18 


C<^Fe^^ 


1 








X 


19 


Cu 


5 


870 


69.23 


0.24 
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20 


Cu 


2 


930 


74 


0.26 
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21 


Cu 


1 


930 


74 


0.26 
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[00661 m37i^^&rr<Dmmi>^m-htif^ 

(1) 5. 7, 8(i. v>-mtT«yitccum 

/^7MS^^^^^^■^Cfcl,^-Cli. Jk^^O. 28erg 
/ cm' SLttti'O. iSSl^^^mSlMexfi. Msti 

1 5 0 0 emu/cm*<r)C o-F e'&^^fl^l. 8 nmiC 
MLTlkOe (8 0 kA/m) jiLhSr:5^LTl/^5, 

(2) mi, |g2T±fi)^v^-mA^:^^^CuM^::-«^ 

C xim&XJf-N i -F e -g^^Sfc^C o -F e ^B^i<om 

(3) f*^l, 5, 7, SiiV^-ftl^t. MR^m 

(4) i::i^-efW3(±, TifeBiccufl^^-^-tco-t? 

*>-5^s, l*H*l, 5, 7, 8ICi:b'<^Hex&tJ«J k:4M& 
V\ rtbll. fSlTi^ (Ni~Fd® <0)i:^«S2nm5: 

-fbbT (111) msi±<7ymm^ti^3o(Dm^^ 

(5) tm2, 6«TieiCCuM«r^^ntt'>fc(7)T' 

V^*5, ^irmU (Ni-FeM) 2nm{wJ;9 (ill) 
i2[p|;is»ibix^f-s:). zf9 h~^RXJ^itm]±^^j: J k 
imhflX\^^^o L**U ^r<©:^^t$«0. 2 5 e r j? 
/cm'S^-Cfct). Qj^^MffWl. 5, 7. SIC 50 



[0 0 6 71 «4/4^?>iy,TW^*i!)St#ibixfc<, 

(6) ifO^frjiVT'b, Jk^SO. 27erK/c 
m'U^T. Hex;4SlkOe (8 0 kA/m) jy,Ti:^.C!9. 

(7) tt^ica-Si:. N i-F e-^^Tiil. 5n 
laUT, C o -F e ■^^X'i±2 am&mzf£^ t -^7 
V-^tm^^. ^<Dm-\-t. fctxJifiClSH 1 i: 1 

llI7{C7j^Ufc 

(8) ^1 9~2 1 (CuH^ (^J kS.U'HexJi, to 
coP^jfBf (Ni-Fe-^^ffiSS.ti'Co-Fe'g'^J® cOJk 

CuM;iSSSa^^*«2i^tJ«f>'Ji^ (111) SiEffil^ 
( 9 ) ^-1- 2 2 tt, TJfiS 4re(t-f ^ i: XLfiT a 

>-S5ti^14Mra1<:03SJ^-^255^# PjixT, tJ^o fi^y ^ 

[00681 )>XiL<nimmi'-h. TJfteSrjSC^ 1 . 5 nm 
OTOC uJKtNi~Fe^^*fcf4C o-F G -^^fllO^ 
e«iS<ti-5 C i:T\ ¥JlJrF"it!lW*^J; t J kS.t;« 

J: 9 m^MTlfit^)KT±l!l^^5^ Lv 
TifiH Sr^flliSi: 1" ^ r .b "C. ^^a*S»^Sfig«;5S*ni'J 
Tlfigo^ra*sW-''£oT, Tite)i<^ (1 1 

1) ^tm^msm(r> d i d st^sfisfi^sisi 
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<fi'o. '^{a±mimMmmmmmmT^<D (ii 

|^Hexat/-^^[6jS:*'tE^ J k 2i5t6l± Ljtfc* i: 

0»^iC;Ttbfc2. 0 nmiilTiC-rSClirfiN i-F e 
-g^M. C o-F e-g^^#^}CH:>^7 Si5i5#P, 
iX''j:< 5rcftElit?$5-S<, C u^Tti 1 n mfCjoV 

*^ai4tlt|Sj6*ja< , 9 0 0~10 0 0Oe (7 2~ 
80 kA/m) (DHe x^SiD^O. 2 6~0. 27er ID 
«/cm'»J kTSS^tbixXl^'So L*^L?'£;45P5. T±t6 

[0 0 6 9] n^xAiwr>:^}fi^^vv--^ms^mm^ 

^-r5ri:z55T-t5<. 20 
10 0 7 01 JbfSOXf ^y</P:/M^«tl^i^^ 

1 OJci^vfJ. TSSS 1 nmmSS^-t^::. 
i 73S-c-# ?)(75-e, X t°:/y VPT'^S^^i^ 1 0:^ 
tDff:$^3 0ninW-raStCi-5ri:*5X'^. ^^-yf 

[00711 (^3(^>IISiSi?Si) EI8(CM:, ;*:|geg<Z)» 
SB^^o H8^tCJ«llI9{c:^b'^^x> If^B 0 0tt;^fc'"v 30 

^^yl^^a^jg^l^. 8 0 1{i3Q^^^^. 80 2 
JiTifiS. 8 0 3»*S3S^«:®, 8 0 4{4@«mbli 

8 0 6 {tmit^ b x^xm^tr^^m^m, s 

0 7 fiMR®®. 8 0 8 8 11 (4GMRM 

K 8 1 2{iiSi*-«S' KoTiSiS^ (8 2 4) 
€r^-5GMRSS;fe-^-;/ K8 1 1 CD Ji§B->-/v K®, 
8 13, 8 1 4{lif6^, 8 1 5i3:GMR§il?^--2/ K 
8 11 roTSf|5->— K, 8 2 1 \^$Sm^y K, 8 2 2 f± 
l^---;/ K8 2 l(^±^;lf-/K 8 2 3{iSm7i»?.^i 40 
5='I'/'K 8 2 4(iGMRMI?^--s/ K8 1 lOiggV 
— /WK (8 12) Sr^^aSIEH^y KWTlfB^Tfo 

[00721 2|c|g5g(c^.55^^^^8 0 1 

\:'i^y</\--:/mmn.mfm'f-8 o o ^iiasv^-zp k® s i 

2 tm-^-zw- Kg 8 1 5r'fi^Ayfc'SP5>;05W^'>^y Kt 
UT^hIL> SI^CuA^lb''^S3-l'/^8 2 3^±$C^IS 
8 2 2 i:T»18 2 4Tl5^A/fcg|5^^Sf^^y Kt b 

TttiB&t-s. z.(Df£mw^:^mim^-^^y gmr 

SSfe-^ s, K 8 1 1 <o±S|Jv^>'U KJl 8 1 2 ;ds. lE^ 50 
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■> KB 2 1 (DTmms 2 4 ^m3.?imf$.t vftm^x 

i:IS«J*}C*5V^X, GMRM«^^5' K8 1 IJi 

:x.h'>yvi'-:/mmsi.imm^8 0 o<D±T^!^^mm8 1 

3. SlA^LitV^mx. T"* (iSBv^/uK 
^8 1 2 ^:-F&l5->— KS8 1 0. 1 um* 

H^L^Co *;rc. Jk;ii:k#<i«;JS.T-ett^>'g3i!S£f4 

[0 0 7 31 ±fE(D^#^-e«, GMRMS^fe-^-y 

K 8 1 1 (D±^>^ju KJl 8 1 2 Ti'^^m^y K 8 2 1 

Tmm8 2 4^mia.?>Wi^iC'^\'^xmmvtztK ±u 

[0 0 7 41 

< i:t.2iU_hcc»T«fim*-e>7Vr'9, ffiia=g-T^c7>v >-«x 
1 o;a5 C u fl^T'$3-5 i: i: l-V >-t°^xA^&<0 1 0/iJN i 
-F e-g-^Sf^tiC o-F e-^^-Cfc^OT\ TWfelt 

«i±«:jiiw<o (111) m^-i\-\^xoymsimi>m<*si 

[00751 lE}C*«0J(^3J«|^^^{Cj;tLff, mSL 
\^^J kJ5S0. 2 8 e r k / c m 2 JeUi?'^ »T\ 

[HI 1 1 1 (oiei©i^jg-cS)S5J3s;@^ 

[HI 2 1 m\ ^c^^m^^^^w^^m^m 

[12131 :^mn<r>^s:im^m=F<rym^^7rrfim^ 

(m 4 1 T^i>-mm9m.xh^^^m-^m^<nm 
u^TFrrffm^mx-h^o 

zmm^ms^^nm^^^^mxh 
rm 6 1 1 1 f^-^'-^/uT^fisjoasasii^co 

MR ftiaSr:^^/ 7 •7Xh 5, 
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[07] pmi3<D:^ yf'^y</^^zfmmsmm'f-<o 

[m 9 ] EI 8 fC^^-f-|^??^gi^^^-^ y KiC^ 
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* 1. 1 1> 80 1 3S5^I§^^, 

2, 12 Sft:, 

3, 13, 8 0 2 T«eJl. 
3 a. 13a miTVm. 
3 b. 13b B2Tit6K. 

4. 14 S3SI^#:S. 

5. 15 5ii^ft!:)l. 
10. 80 0 ;^f>'^</w:?mi^S6T*^. 
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